Abstract An investigation of the boundary layer nanofluids flow over a porous wedge in the presence of uniform transverse magnetic field and thermal radiation energy has been analyzed. Water and seawater based nanofluid containing copper, aluminum oxide and Single Walled Carbon nanotubes (SWCNTs) is taken into consideration. The governing equations in terms of ODEs are solved using fourth-fifth order Runge-Kutta-Fehlberg method with shooting technique. Approximate solution of temperature, velocity, the rate of heat transfer and the shear stress at the wedge are illustrated graphically for several values of the pertinent parameters. Thermal conductivity enhancements of water and seawater in the presence of single-walled carbon nanotubes (SWCNTs) are presented. The thermal boundary layer of SWCNTs-water is compared to SWCNTs-seawater on absorbing the incident thermal energy radiation and transmitting it to the nanofluid by convection. Momentum and thermal boundary layer thickness for SWCNTs-seawater is stronger than SWCNTs-water with increase of the radiation parameter because of low thermal conductivity of seawater. The rate of heat transfer of Cu-seawater is significantly stronger than all the other mixtures in the flow regime because of the combined effects of density of copper and seawater. 
Introduction
Thermal conductivities of nanofluids containing SWCNTs dispersed in the presence seawater are improved significantly compared to freshwater. The study of the CNT filled with fluids is of significant interest and is a challenging topic for investigators. The interesting electrical and physical properties of both the single-walled and multi-walled CNTs have been seen to be a rich source of new physics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Carbon nanotubes can be visualized as a sheet of graphite that has been reformed into a tube, with diameters ranging roughly from 1 to 100 nm and lengths up to millimeters. The characteristic of CNTs to have metallic as well as semiconductor behavior depends on the diameter of the tubes. Due to thermal conductivity of energy transfer fluids used in power generation, microelectronics heating or cooling, chemical production and transportation and many other applications, it is compulsory to enhance thermal conductivity of these fluids to improve heat transfer. Because of mechanical properties, chemical and thermal stability, and hollow geometry, the carbon nanotube (CNT) promises many new applications in nanobiological devices and nanomechanical systems such as fluid storage, fluid transport, and drug delivery [13] [14] [15] [16] [17] . The nonlocal beam models have been adopted for different analyses of carbon nanotubes because it takes the nanoscale effect into account [18] [19] [20] [21] .
Nanofluids consist of nanometer-sized particles with significantly strong thermal conductivity dispersed in a common base fluid such as water or seawater. Due to their efficient thermal conductivity compared to base fluids and their performance in energy devices, nanofluids are interesting candidates for heat transfer enhancement [22] [23] [24] [25] [26] . Hence, the water based single walled carbon nanotubes (SWCNTswater) for heat transfer enhancement in coaxial tube exchange due to thermal radiation under laminar flow regime are investigated numerically. These nanofluids appear to have a very strong thermal conductivity and may be able to meet the rising demand as an efficient heat transfer agent [27] [28] [29] . Several studies have been observed on the heat transfer enhancement of nanofluids flowing through a tube under the laminar regime. It is stated that the experimental convective heat transfer coefficients of nanofluids varied to increase the flow velocity and volume fraction. SWCNTs have unique electronic and mechanical properties which can be utilized in numerous applications [30] [31] [32] [33] [34] [35] [36] . The characteristics of seawater correspond to those of water in general, because of their common mechanical and physical properties, for example, the molecular structure of seawater, like that of freshwater, helps the formation of bonds among molecules. Some of the distinctive characteristics of seawater are attributable to its salt content. The viscosity (i.e., internal resistance to flow) of seawater, for example, is stronger than that of freshwater because of its higher salinity. The density of seawater is higher for the same reason. Seawater's freezing point is lower than that of freshwater, and its boiling point is stronger [37] [38] [39] [40] . Recently, Rizwan et al. [41] investigated the convective heat transfer in MHD slip flow past a stretching surface in the presence of carbon nanotubes. In the present article, heat transfer of SWCNTs on MHD unsteady flow over a porous wedge in the presence of seawater and freshwater is analyzed.
The aim of the present work was to investigate the boundary layer flow of water and seawater based nanoparticles past a porous wedge in the presence of uniform transverse magnetic 
Mathematical analysis
Consider a two dimensional, MHD unsteady boundary layer Darcy flow of an incompressible viscous nanofluid over a porous wedge sheet with variable stream conditions (see Fig. 1 ). The temperature at the wedge sheet and ambient takes the constant value T w and T 1 respectively and the magnetic strength B 0 is applied parallel to the y-axis. The nanofluid is a water/ seawater based nanoparticles Cu, Al 2 O 3 and SWCNTs. It is assumed that the base fluids (water/seawater) and the suspended nanoparticles are in thermal equilibrium. The thermophysical properties of the nanofluids are presented in Table 1 [41, 40, 47] . The porous wedge is assumed to be transparent and in thermal equilibrium with the nanofluids. Non reflecting absorbing ideally transparent wedge sheet observes an incident radiation flux of intensity q 00 rad . The thermal radiation flux penetrates the plate and is absorbed in an adjacent fluid of absorption coefficient. The induced magnetic field produced by the fluid motion is justified asB ¼ ð0; B 0 ; 0Þ and the effect of polarization of fluid is negligible,Ẽ ¼ ð0; 0; 0Þ. Based on the assumption, the momentum and energy equations can be expressed as [42] 
Darcy's law is a constitutive equation that describes the flow of a nanofluid through a porous wedge cone. The term Q 0 (T 1 À T) is assumed to be the amount of heat source/sink per unit volume, Q 0 is a constant and it is assumed to be the amount of heat generated (Q 0 > 0)/absorbed (Q 0 < 0) per unit volume. Using Rosseland approximation for thermal radiation, q 00 rad ¼ À , r 1 -Stefan-Boltzmann constant, k * -mean absorption coefficient. u and v -velocity components along the x-axis and y-axis, respectively, T -temperature of the base fluid, b nf -thermal expansion coefficient of the nanofluid, q nf -density of nanofluid, m nf -kinematic viscosity of nanofluid and a nf -thermal diffusivity of nanofluid which are defined as [41] ,
m f -kinematic viscosity of base fluid, u -nanoparticle volume fraction, (qc p ) nf -effective heat capacity of a nanoparticle, k nf -thermal conductivity of nanofluid, k f and k s -thermal conductivities of the base fluid and nanoparticles while q f and q s -densities of the base fluid and nanoparticles. The corresponding boundary conditions are stated as
c 1 and n 1 (power index) are constants and v 0 is the suction (v 0 > 0) or injection (v 0 < 0) velocity of the fluid at the wedge. The potential flow velocity can be written as Uðx; tÞ ¼
(see in Sattar [43] ), d -time-dependent length scale which is considered to be d = d(t) and b 1 -Hartree pressure Table 1 Thermophysical properties of fluid and nanoparticles. for a total angle X of the wedge. By Kafoussias and Nanousis [44] , the stream functions are defined as
Eqs. (2) and (3) become
Boundary conditions
À T 1 -temperature ratio where C T assumes very small constant by its definition as T w À T 1 ) T 1 . In this study, it is assigned the value C T = 0.1, Murthy et al. [45] .
The symmetry groups of Eqs. (7) and (8) are calculated using classical Lie group analysis and it is defined as x Ã ¼ x þ en 1 ðx; y; w; hÞ; y Ã ¼ y þ en 2 ðx; y; w; hÞ;
By algebraic approaches, the formation of infinitesimals is
g(x)-arbitrary function and the infinitesimal generators are defined as
The given PDEs are transformed by a special case of Lie symmetry group transformations viz. one-parameter infinitesimal Lie group of transformation into a system of ODEs.
The characteristic equations are
Solving the equations, we get g ¼ y; w ¼ xfðgÞ and h ¼ xhðgÞ where g ¼ gðx; tÞ ð 14Þ
Eqs. (7) and (8) become
Boundary conditions take the form
Pr ¼
Kk 2 is the porous media parameter, N ¼
is the buoyancy or natural convection
DT is the heat source/sink parameter and
q is the suction parameter if S > 0 and injection if S < 0 and n ¼ k x 1Àm 2 , Kafoussias and Nanousis [44] , is the dimensionless distance along the wedge (n > 0). In this system of equations, it is obvious that the nonsimilarity aspects of the problem are embodied in the terms containing partial derivatives with respect to n. This problem does not admit similarity solutions. Thus, with n-derivative terms retained in the system of equations, it is necessary to employ a numerical scheme suitable for partial differential equations for the solution. Formulation of the system of equations for the local nonsimilarity model with reference to the present problem will now be discussed. At the first level of truncation, the terms accompanied by n @ @n are small. This is particularly true when (n ( 1). Thus the terms with n @ @n on the right-hand sides of Eqs. (15) and (16) are deleted to get the following system of equations:
Let k t ¼ 
Re ¼ Ux m f -local Reynolds number.
Numerical solution
By using DSolve subroutine command in MAPLE 18 we can get the solution for Eqs. (18)- (20) with trial and error basis. This software consists of fourth-fifth order Runge-KuttaFehlberg method with shooting technique. The numerical results the dimensionless velocity, temperature, skin friction and the rate of heat transfer in the presence of SWCNT-water and SWCNT-seawater are obtained.
Results and discussion
Eqs. (18) and (19) with boundary conditions (20) have been solved numerically for some values of the governing parameters Pr; f; m; k; d1; n 1 ; k t and N using Maple 18. c ) 1.0, c = 1.0 and c ( 1.0 represent to free convection, mixed convection and forced convection. In this work we have assumed c = 100. Validating our technique, f 00 ð0Þ is compared with those of Rizwan et al. [41] and found that they are in good agreement, see Table 2 . Thermophysical properties of the fluid and the nanoparticles are defined in Table 1 [41, 40, 47] .
It is predicted from Fig. 2 that the agreement with the solution of temperature profile for various values of nanoparticle volume fraction significantly correlates with Fig. 8(a) of Rizwan et al. [41] . Fig. 3 presents the velocity and temperature profiles for different values of the thermal radiation parameter N in the presence of SWCNTs-seawater and SWCNTs-water. It is noticed that the velocity and the temperature of water and seawater based SWCNTs increase significantly whereas the rate of heat transfer decreases with increase of the radiation parameter N (0:5 6 N 6 1:5). This is due to the combined effects of thermal conductivity and density of the SWCNTs-nanofluid. It is interesting to note that rate of heat transfer for SWCNTs-seawater is higher than that of SWCNTs-water (Table 3 ) and the thermal boundary layer thickness for SWCNTs-seawater is lower as compared to SWCNTs-water. Fig. 4 presents the velocity and the temperature profiles for different values of magnetic parameter in the presence of water and seawater based SWCNTs. It is clearly shown that the velocity of the nanofluids (SWCNTs-seawater and SWCNTs-water) decreases and the thermal boundary layer thickness for SWCNTs-seawater is lower than that of SWCNTs-water with increase of magnetic strength M (1:0 6 M 6 10:0) because of the combined effects of thermal and electric conductivities of the nanofluid. The effects of a transverse magnetic field to an electrically conducting fluid give rise to a resistive-type force called the Lorentz force. This force clearly indicates that the Thermal radiation energy due to SWCNTstransverse magnetic field opposes the transport phenomena and it has the tendency to slow down the motion of the fluid and to accelerate its temperature profiles. In addition, the virtue of viscosity also contributes to the flow resistance of the nanofluid. It is also observed that the rate of heat transfer for SWCNTs-seawater is higher than that of SWCNTs-water, Table 4 . Effects of heat source (d1 > 0) on velocity and temperature distribution in the presence of water and seawater based SWCNTs are shown in Fig. 5 . The presence of heat source in the boundary layer generates energy which causes Figure 3 Thermal radiation effects on velocity and temperature profiles. Figure 4 Magnetic effects on velocity and temperature profiles. the velocity and temperature of the nanofluids (water and seawater based SWCNTs) to increase firstly and then decrease whereas the rate of heat transfer firstly decreases and then increases but the skin friction firstly increases and then decreases with increase of heat source, Table 5 . It is interesting to note that the rate of heat transfer for SWCNTs-seawater is stronger than that of SWCNTs-water. Fig. 6 illustrates the typical velocity and temperature profiles as obtained by varying the porosity parameter for the case of SWCNTs-seawater and SWCNTs-water, respectively. It is clearly shown that the velocity and the temperature of the nanofluids gradually increase and then decrease with increase of porosity parameter but the rate of heat transfer for SWCNTs-water firstly decreases and then increases whereas Figure 5 Heat source effects on velocity and temperature profiles. Figure 6 Porosity effects on velocity and temperature profiles. it decreases for SWCNTs-seawater with increase of porosity parameter, Table 6 . The effect of nanoparticle volume fraction of added singe walled carbon nanotubes (SWCNTS) on flow and temperature fields of the water and seawater is presented in Fig. 7 . It is clear that the velocity of nanofluids (SWCNTs-water and SWCNTs-seawater) firstly decreases and then increases while the temperature of the nanofluids increases with increase of nanoparticle volume fraction. It is also predicted that the rate of heat transfer decreases (Table 7) with increase of nanoparticle volume fraction and also the rate of heat transfer for seawater based SWCNTs is stronger than that of SWCNTs-water. The effect of different nanoparticles in the presence of water and seawater on the dimensionless velocity and temperature profiles has been displayed in Fig. 8 . It is observed that the velocity of the nanofluid firstly decreases and then increases and the temperature of the nanofluids increases whereas the rate of heat transfer decreases (Table 8 ) with the increase of the said sequences of water and seawater based Cu, Al 2 O 3 and SWCNTs. It is noticed that the momentum and thermal boundary layer thickness of SWCNTs-seawater is stronger than that of SWCNTs-water. It is also observed that the skin friction and the rate of heat transfer of Cu-seawater are stronger than those of all the other mixtures in the flow regime. Fig. 9 depicts the influence of the suction parameter S on the velocity and temperature profiles in the boundary layer when the magnetic field is uniform. It is seen that the velocity and the temperature of the nanofluids (SWCNTs-seawater and SWCNTs-water) decrease and the rate of heat transfer increases ( Table 9 ) with increase of suction parameter. It is also observed that the momentum and thermal boundary layer thickness for SWCNTs-water is stronger than that of SWCNTs-water. However, the exact opposite behavior is produced by imposition of wall fluid blowing or injection.
Conclusion
The purpose of the study is worthwhile to submit the comparison among the SWCNTs in the presence of water and seawater for absolute skin friction and the rate of heat transfer. In addition, the effect of various values of existing parameters on velocity and temperature is discussed graphically and quantitatively. The main observation of present study is as follows:
Momentum and thermal boundary layer thickness for SWCNTs-seawater is stronger than that of SWCNTs-water with increase of the radiation parameter because of low thermal conductivity of seawater. Thermal boundary layer thickness for SWCNTs-seawater is lower as compared to SWCNTs-water with increase of magnetic parameter. It is clearly demonstrated that the effect of thermal conductivity of SWCNTs-seawater with magnetic field can be treated as a means of controlling the flow and heat transfer of the nanofluids. It is interesting to note that the rate of heat transfer for SWCNTs-seawater is stronger than that of SWCNTs-water with increase of heat source because of the low strength of heat capacitance of seawater. It is clearly shown that the rate of heat transfer SWCNTsseawater is better than that of SWCNTs-water with increase of porosity parameter because of the combined effects of kinematic viscosity of SWCNTs-seawater with permeability of wedge sheet. The strength of rate of heat transfer of SWCNTs-seawater is higher than that of SWCNTs-water with increase of nanoparticle volume fraction and suction parameters since the heated fluid is pushed toward the wall where the buoyancy forces can act to retard the fluid due to high influence of the viscosity of seawater. It is concluded that the rate of heat transfer of Cu-seawater is significantly stronger than all the other mixtures in the flow regime because of the combined effects of density of copper and seawater.
Seawater based SWCNTs have attracted good attention on thermal boundary layer flow regime because of their remarkable properties. Indeed, it was proved that the seawater based single walled carbon nanotubes have a high thermal and Figure 9 Suction effects on velocity and temperature profiles. electrical conductivity and efficient mechanical properties. SWCNTs-seawater is expected to exhibit better heat transfer properties compared with conventional heat transfer of SWCNTs-water.
